Boldine is a natural alkaloid with anti-inflammatory and antioxidant effects. It reduces glycemia and decreases blood pressure in rats with type 1 diabetes. We have also studied whether boldine has anti-inflammatory and antioxidant effects in rats with type 2 diabetes and whether it can improve healing of their skin wounds, a serious comorbidity of type 2 diabetes. This work also compares lean and obese Zucker diabetic rats, including a comparison of both sexes. After skin excisions, the wounded animals received granules containing boldine ad libitum. The weights of rats, amount of consumed food and wound size were measured regularly. Scar and internal organs were removed and analyzed. Further, the tensile strength of the scar was tested and hydroxyproline content (a marker of collagen) measured. We have not confirmed previously published positive effects of boldine, but we observed important differences between gender and between genotypes. Male rats had higher body weight, liver, kidney and spleen than female rats. Furthermore, their wounds took longer to heal with bigger scar areas.
Boldine {(S)-2,9-dihydroxy-1,10-dimethoxy-aporphine} is an alkaloid of trees of the Lauraceae family (Lindera aggregata, Litsea glutinosa [1] ) and the related Monimiaceae family (Peumus boldus), whose leaves are mixed with the stimulant maté. Strong cytoprotective, anti-tumor, anti-inflammatory, anti-febrile and antiaggregation effects are currently attributed to boldine [2a, b] . These are associated with boldineʼs ability to scavenge very reactive radicals and strongly inhibit the synthesis of prostaglandins [3] . Boldine has been found to participate in reduction of peroxidation in both healthy and diabetic animals [4] . Reduction of glycemia in diabetic rats, lower blood pressure, and reduction of produced urine volume and urinary creatinine and proteinuria were observed [5] . However, the streptozotocin model was used as a model of type 1 diabetes in both studies. We studied whether boldine's antiinflammatory and antioxidant effects could improve the overall condition of obese ZDF rats, and thus possibly contribute to better healing of their wounds. This work also compares lean and obese ZDF rats, including a comparison of both sexes.
Obese ZDF rats ate more food due to their genetic disorders (leptin receptor defect). This corresponds to a higher weight and a higher gain compared with lean controls. In addition, the weight of males was significantly higher than that of females. Glycemia ranged from 6.0 to 7.7 mmol/L (108.0 -138.6 mg/dL) in lean and obese female rats, whereas the values for obese male rats were 10.4 -27.2 mmol/L (187.2 to 489.6 mg/dL). Boldine in the diet had no significant effect neither on weight gain nor on the size of internal organs nor on the glycemia (Table 1) . We investigated the progress of healing after excision wounds. The initial phase of healing was delayed in obese animals; the size of the wound showed the greatest differences on the 10th day after wounding (Table 2 ). However, in the later period the wounds of obese animals began to heal faster and healed earlier (Table 2, Figure 1 ). Boldine had no effect on the speed of healing (Figure 1  obese rat with St1 (fa/fa)  lean rat with boldine ( fa/+)  obese rat with boldine (fa/fa) ** value is significantly higher in comparison with lean animals for respective group on day 10 (P < 0.01) *** value is significantly higher in comparison with lean animals for respective group on day 10 (P < 0.001)
In addition to the healing time, we examined scar sizes and strength in the tension, and the amount of hydroxyproline in the scar, which is directly proportional to the amount of collagen. Scars in lean females were significantly smaller and stronger (P <0.01), with higher amounts of collagen than in obese females (Table 2) . Also, we found significant differences in the scar size between genders in NPC Natural Product Communications lean rats (P <0.05) ( Table 2) . Female wounds healed with smaller scars compared with those of males and contained more dry matter and more hydroxyproline. This is consistent with previously published results [6] and agrees with the hypothesis that wound healing is affected by sex hormones. The largest amount of hydroxyproline in the scar was also observed in lean females. Their concentration of hydroxyproline was significantly higher than in obese females (P <0.001) and lean males (P <0.01). Obese males fed with a boldine diet had a lower concentration of hydroxyproline in the scar (P <0.01) ( Table 2) . Unexpectedly, we found a significant deterioration in the scar strength of lean males (P <0.05) having the diet containing boldine (Table 2) .
We found a significantly higher percentage of dry matter in the scar of lean males compared with lean females (P <0.01). Boldine diet had no effect on total solids. Boldine also sparked discordant changes in wound healing in lean males. It reduced scar size, but also reduced the scar strength. Boldine reduced the content of hydroxyproline in the scars of obese males, but had no effect on the quality of the scar in females.
This is the first study on the effect of boldine on wound healing. Boldine was shown to be inappropriate to support rats suffering from type 2 diabetes and to accelerate the healing of skin wounds.
Experimental
Boldine: Boldine (Sigma, Prague, Czech Republic) was mixed with a standard laboratory diet (ST-1, Velas, Czech Republic) in the proportion of 1.2 g boldine / kg of St1.
Animals:
The experimental protocol was approved by the Animal Welfare Committee of Charles University in Prague, Faculty of Medicine in Hradec Králové (MSMT-20364/2013-14) . In this experiment we used 33 male and 32 female Zucker diabetic fatty rats (obese ZDF fa/fa and lean rat fa/+) that originated from Charles River Laboratories International, Inc. (USA) and were purchased from Anlab (Prague, Czech Republic). The rats were kept under standard conditions. They received food and drinking water ad libitum. Weights of rats were regularly measured, as well as the amount of consumed food. The weight gain is the difference between the animal's weight at the end (scar healing) and the beginning of the experiment (start of boldine diet). A portable glucose meter, AccuChek-Go (Roche, Basel, Switzerland), was used for glucose measurement using a drop of blood from the tail vein every 2 weeks. The rats were not under the influence of narcosis during glucose measurement, because narcosis could increase glycemia [7] .
Wound healing: Wounds were induced at the age of 16-18 weeks, as described by Slavkovský et al. [8] , after general anesthesia by ketamine-xylazine. Briefly: A full-thickness excision circular skin wound, 2 cm in diameter, was made on the back. Wounds were allowed to heal naturally. The wounds were photographed (EOS D350, Canon, Tokyo, Japan) immediately after induction (Day 0) and then regularly during 40 days. The wound area was measured using ImageJ software (NIH) calibrated on a standard length, using a mm ruler. The relative wound size was expressed according to the following formula: % wound area = wound area on Day n/wound area on Day 0. The animals were euthanized with an overdose of ketamine-xylazine after wound healing. Scar and internal organs (liver, kidney and spleen) were subsequently removed and weighed.
Scar strength: The tensile strength of each scar was measured by determining the force needed to tear it and normalized on the length of the scar.
Wound collagen-hydroxyproline (HP) content: A slice of granulation tissue (without surrounding intact skin and without the wound crust) was taken and stored at -20 ⁰C until processing. Tissue was dried at 80⁰C and hydrolyzed in 6M HCl at 105⁰C for 16 h. Neutralized samples were oxidized with 0.03M chloramine-T in citrate-acetate buffer, pH 6.3, for 20 min. The reaction was stopped by adding 3M perchloric acid. p-dimethylaminobenzaldehyde dissolved in n-propanol (all Sigma-Aldrich, St. Louis, MO) was then added and the mixture was incubated for 20 min at 60 ⁰C. The absorbance was measured at 560 nm.
